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^ WBLLBORB CASINO 2.'^^O^l4^ 
Background of the Invention 

This invention relates generally to wellbore 
casings, and in particular to wellbore casings that are 
5 formed using expandable tubing. 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
10 or inflow of fluid from the formation into the 
• borehole. The borehole is drilled in intervals whereby 
a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
cuttings drilled and removed. 

The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 
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Summary of the Invention 

According to one aspect of the present invention, there is provided a 
wellbore casing, comprising a tubular liner, the tubular liner formed by the 
process of: placing the tubular liner and a mandrel within the wellbore; 
pressurising an interior portion of the tubular liner by injecting a fluidic material 
into the interior portion of the tubular liner through the interior of the mandrel; 
exlnjding the hjbular liner off of the mandrel; and an annular body of a cured 
fluidic sealing material coupled to the tubular Uner, wherein during the 
pressurising the interior portion of the tubular Uner is fluidicly isolated from an 
exterior portion of the tubular liner. 

According to anoUier aspect of the present invention, tiiere is provided a 
wellbore casing for placement wiUiin a wellbore, comprising: a tubular liner 
Uiat overiaps with an existing casing within Uie well, the tubular liner fonned by 
the process of: extruding the tubular liner off of a mandrel within the wellbore 
by injecting a fluidic material into the tubular Uner through the interior of the 
mandrel and pressurising an interior portion of the tubular linen a seal 
positioned in the overiap between the tubular Uner and the existing wellbore 
casing; and an annular body of a cured fluidic sealing material coupled to the 
tubular linen and wherein during Uie pressurising the interior portion of tfie 
tubular Uner is fluidicly isolated from an exterior poi (ion of the tubular Uner. 

AcconJing to another aspect of the present invention, there is provided a 
weHbore casing for placement wittiin a wellbore, comprising: a tubular liner, 
the tubular Uner fonned by tfie process of; placing tiie tubular liner and an 
expansion device within tiie wellbore; pressurising ar interior portion of the 
tubular liner by injecting a fluidic material into tiie interior portion of tiie tubular 
liner tiirough the interior of the expansion device; radially expanding ttie tubular 
Uner using ttie expansion device; and a2n annular body of a cured fluidic 
sealing material coupled to the tubular linen wherein during the pressurising, 
ttie interior portion of the tubular finer is fluidicly Isolated from an exterior 
portion of ttie tubular liner. 



According to another aspect of the present invention, there is provided a 
welIl)ore casing for placement within a weUbore, comprising: a tubular liner 
that overlaps wdth an existing casing within the wellbore, the tubular liner 
formed by the process of: radially expanding the tubular liner within the 
weUbore using an expansion device by injectir^ a fluidic material into the 
tulHilar liner through the interior of the expansion device and pressurising an 
interior portion of the tubular liner, a seal positioned in the overlap between the 
tubular liner and the existing wellbore casing; and an annular body of a cured 
fluidic sealing material coupled to the tubular liner; wherein during the 
pressurising the interior portion of the tubular liner is fluidicly isolated from an 
exterior portion of the tubular liner 

According to another aspect of the present invention, there is provided a 
wellbore casing for a wellbore, comprising: a tubular liner, the tubular liner 
formed by the process of: expanding an expandable tubular using an expansion 
device v^thin the wellbore by injecting a fluidic material into the expandable 
tubular through the interior of the expansion device and pressurising an interior 
portion of the expandable tubular; and an annular body of a cured fluidic 
sealing material coupled to the tubular liner; wherein the expandable tubular 
comprises: a first tubular portion having a first inside diameter; a second tubular 
portion having a second inside diameter; and an intermediate tapered tubular 
portion for coupling the first and second tubular portions to each other; an'! 
wherein the first inside diameter is greater than the second inside die .neter; 
and wherein during the pressurising the interior portion of the expandable 
tubular is fluidicly isolated from an exterior portion of the expandable tubular. 

Brief Pescriptton of the Drawing s 

FIG. 1 is a fragmentaiy cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view UlusUrating the placement of 
an embodiment of an apparatus for creating a casing within the new section of 
the well borehole. 



FIG. 3 is a fragmentaiy cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the 
injection of a first quantity of a hardenable fluidic sealing material into the new 
section of the well borehole. 

FIG. 4 is a fragmentaiy cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of 
the well lx)rehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
a portion of the cured hardenable fluidic sealing material from the new section 
of the well tM>rehole. 



^ RG. 6 is a cross-sectionai view of an embodiment of the overlapping joint 

between adjacent tubular members. 

FIG. 7 is a fragmentaiy cross-sectional view of apparatus for creating a 
casing vnthin a well borehole. 
5 FIG. 8 is a fragmentary cross-secUonal illustration of the placement of an 

expai^ed tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 

FIG. 9a Is another cross-sectional illustration of the apparatus of FIG. 9. 
1 0 FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
( adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a lluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel 
10 FIG. lOe Is a cross-sectional illustration of the extmsion of the tubular 

member off of the mandrel. 

FIG. 1 Of Is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. 11 a is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. 1 1 c is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. lid is a fragmentaiy cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. 1 le is a fragmentaiy cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 If is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 



Detailed Description of the Illustrative Embodiments 
^ An apparatus and method for forming a wellbore casing within a 

subten^anean formation is provided. The apparatus and method pemiits a 
wellbore casing to be formed in a subtenranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extmding the 
tubular member off of the mandrel by pressurizing an interior portion of the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for forming a tie-back liner using an expandable 
1 5 tubular member is edso provided. The apparatus and method permits a tie-back 
liner to be created by extmding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method perniit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the Joining of tubular members in general. 



Referring initially to Figs. 1*5, an embodiment of an apparatus and method 
ibr forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. U a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean formation is then positioned in the new section 130 of the wellbore 
100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fluid passage 240, aeals 245> and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 260. The eiqiandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The escpandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool as 
disclosed in U.S. Patent No. 6,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or 
plastic tubing/casmg. In a preferred embodiment, the tubular member 210 is 

30 fabricated ftx>m OCTG in order to niaximize strength after ejqDansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approximately 1 .905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms 
(1.05 to 48 inches), respectively. In a preferred 



embodiment, the inner and outer diameters of the tubular member 210 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectwely 
in order to optimally provide minimal telescoping effect in the most commonly driDed 
wellbore sizes. The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubulax member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extmsion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. Fortypicaltubularmember210materials, the length of the 

10 tubular member 210 is preferably limited to between about 12.192 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
memt>er 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

1 5 example, Super Seal II float shoe, Super Seal 11 Down Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance vAih the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe v^th a sealing sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally 
guide the tubular member 2 1 0 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overis^ping joint between the 
tubular members^ and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 1 5 includes one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 2 1 5 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 2 1 5 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 



The lower cup seal 220 is coupled to and supported by the support member 
^ -oO, The lower cup seal 220 prevents foragn materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy Servicea in Dallas, TX in order to optimally block foreign 
material and contain a body of lubricant. 
10 The upper cup seal 226 is coupled to and supported by the support member 

250. The t^per cup seal 225 prevents foreign materials from entering the interior 
region of the tubular member 210. T^e upper cup seal 225 may comprise any 
number of conventional commerda^y available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup , available firom Halliburton Energy Services in Dallas, TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 2 10 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in fte casing running mode of operation, to 

transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litresAninute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 
to 9,000 psi) in order to minimize drag on tfie tubular member being run and to minimize surge 
pressures exerted oa the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

30 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 256 forced up the fluid 
^ f^assage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing surgepressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is fiirther fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 
10 of the apparatus 200. . 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litreateinute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
25 minimize surge pressures on die new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
^ from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 e^qrandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 206 can be 
fluidicly isolated from the region exterior to the tubular member 210. Thispetmits 
25 the interior region of the tubular member 210 below the expandable mandrel 206 
to be pressurized. The fluid passage 240 is preferably positioned substantiaUy 
along the centwline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 litres/minute (0 to 3,000 gallonsAninute) and 0 to 620.52813 bar (0 to 9,000 
psi) in order to optimally fill the annular region between the tubular mwnber 210 and the 
^ new section 130 of the wellbore 100 with fluidic materials. Jn a preferred embodiment, 
the fluid passage 240 
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/includes an inlet geometry that can receive a dart and/or a ball sealing member. 
( AtbiB manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 245 are furtherpositioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as. for example, 
10 lead, rubber. Teflon™, or qjoxy seals modified in accordance with the teachings of 

the present disclosure. In a preferred embodiment, the seals 246 are molded from 
Stratalockepoxy available fromHalliburton Energy Servicesin Dallas, TXin order 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing easing 115. 

15 In a preferred embodiment, the seals 245 are selected to optimaUy provide 

a sufficient frictional force to support the expended tubular member 210 from the 

existing casing 116. In a preferred embodiment, the fractional force optimally 

provided by the seals 245 ranges firom about 68.94757 to 68,947.57 bar (1.000 to 

1.000.000 Ibf) in order to optimally support the expanded tubular member 210. 

20 Thesupportmember250i8coupledtotheexpandablemandrel205. tubular 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantify of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 210 off 
oftheexpandablemandrel205isfacilitated. The lubricant 275 m^ comprise any 
30 number of conventional commercially available lubricants such as, for example. 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3100) availablefrom ClimaxLubHcanlsandEq^ 

X in order to optiiiudly provide optimiun lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to aaseiiibly to the remainingportionsofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 

minunizesthepossibilityofforeign material doggingthevariousflowpassages and 
valves of the cpparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 

apparatus 200 and to ensure thatnoforeignmaterialinterfereswiththeexpansion 

process. 

16 AsilhistratedinFig.3,thefluidpas8agB235isthendosedandahardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
_ passage230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 belovr the e:q)andable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pmnping of the material 306 
causes the material 306 to fill up at least a portion of the annular regioi 316. 
The material 305 is preferably pumped into the amiular region 3 15 at pressures 
26 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5.678.1177 litres/minute (0 to 1,500 gallonstoin). respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, weUbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably deteraiined 
using convaitional empirical methods 

30 TU U 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
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for example, slag mix, cement or epoiy. * In a preferrecl embodiment, the 
^ hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 2 1 0 
5 while also maintaining optimum flow chsu'acteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in sufficient 
10 quantities to ensure that, upon radial expansion of the tubular member 210, the 
annular region 315 of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a particularly preferred embodiment, as illustrated, in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 

1 5 region adjacent to the mandrel 205 in order optimally pemnit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 

20 filled with material 305, a plug 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluidicly isolating the interior region 3 1 0 from the annular 
region 315. In a prefen^ed embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 3 1 0 causing the interior region to pressurize. 
In this manner, the Interior of the expanded tubular member 2 1 0 will not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cost of 
the entire process. Altematively, the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 21 0 is extruded off of the expandable mandrel 205. During the extmsion 
30 process, the e:q)andable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a prefenred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the tubular 



member 210 is e3q>anded in order to keep tl^p. tlijSiilar>miidbeF ZLO tftationaiy 
^ .elative to the new wellbore section l30. In an alternative preferred embodiment, 
-~- the extrusion process is commenced with the tubular member 2 10 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example, Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plugavailable 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 27.579028 to 689.4757 bar (400 

20 tol0.00<>Ps0andll3.5623to 15141.6473 Iitres/minute(30to4,000gaUons/niin). lii 
this manner, the amount of hardenable fluidic sealing material within the interior 310 of 
the tubular member 210 is minimized, hi a preferred embodiment, after placement of die 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferably pumped 
into the interior region 3 1 0 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 1356.2355 litres/teinute (40 
25 to 3,000 gallons/min) in order to maximize the extmsion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensUe, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 206, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
_ of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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210 off of the mandrel 206. «n«»er 

sTo^ T -™ ^ the pressu™ of the inteHor region 
31QK»ch«, for ««nple. app™xina,.ly 34.472 to 620.52S bar (500 to 9,000 psi) 

out ,^'^,'^°''"^-'^«P«°^''"^=^205=^ber»ised 
out Of the expanded portion of the tuhaler member 210 at n.te, raging for 

Z r"'*'""^^''«''-^"«»'«»«P-Wportionofthe 
mbular m«,ber 2,0 a. ra.es ranging fiom abom 0 «, 0.6096 m/. (0 to 2 ft^aec) in oMer «, 

required &r .he =xpanaionp«ce«„bifeaIs.p«natting..a^ 

of the expansion process. 

15 ^ J?r°'^°°*'^°'*°'^*^*^'^»'^'''»''«^offofthe 
15 ^an^ ^ ^ ^ 265 Of the ««. portion .60 of Z 
tubular n^ «o ^ p^er.^ contact the interior «^ «0 of thl e!^ 
Po«.on.,.ofthec.aingll5tof^„^,^,_,,^. "^^^ ^ 
pressure of the overlying joint may ranee for a 

I 77« o.;,^ u «n example, from approximately 3.447379 to 

^ .,5,4 bar ,50 „ 20.000 psi, ,„ . ^ „„^^ ^ 
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30 manirrjT^ »^ portion 260 of the tubular Member 210. In .hi. 
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preferred embodiment, the operating ptessMSis reduced m a sub^taniially linear 
^ Aashion from 100% to about 10% during tlie end of the eKtarusion process beginning 
when tbie mandrel 205 is within about 1.524 m ( 5 feet) from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure* 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubxilar member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
z*emoved from the wellbore 100. In a prrferred embodiment, either before or after 
the removal of the eipandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 2 70 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the eiq>anded tubular member 
20 2 10 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or miU is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the azmularr^on 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaming cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer 515 ofcured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 

n 



In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 Is pressure-tight and the pressure on the interior and exterior surfaces 
of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 6 1 5 fomied In the outer surface 265 of the upper portion 260 of the tubular 
member 21 0. In an alternative preferred embodiment, the sealing members 605 are 
1 0 bonded or molded wito the outer surface 265 of the upper portion 260 of the tubular 
member 2 1 0. The pressure relief holes 6 1 0 are preferably positioned in the last few 
feel of the tubular member 210. The pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in turn reduces the velocity of the 
15 mandrel 205 upon the completion of the extrusion process. This reduction in 
velocity in turn minimizes the mechanical shock to the entire apparatus 200 upon 
the completion of the extmsion process. 

Referring now to Fig. 7, apparatus 700 for formlr^ a casing within a wellbore 
preferably Includes an expandable mandrel or pig 705, an expandable mandrel or 
20 pig container 710, a tubular member 715, a float shoe 720, a lower cup seal 725, an 
upper cup seal 730, a fluid passage 735, a fluid passage 740, a support member 745, 
a body of lubricant 750, an overshot connection 755, another support member 760, 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
25 member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 Is preferably adapted to 
controUably expand In a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. The 
30 ejqiandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the contents of 



r which are incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. TTie expandable mandrel container 7101s furthercoupled to 
5 the expandable mandrel 705. TTie expandable mandrel container 710 may be 
constnicted from any number of convenUonai commercially available materials 
such as. for example. Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The expandable mandrel container 710 may be preferably 

fabricated from material havingagreaterstrength than the material from which the 
10 tubular member 715 is fabricated. In this manner, the container 710 can be 
fabncated from a tubular material having a thinner wall thlclcness than the tubular 
member 210. This pem»its the container 710 to pass thn)ugh tight clearances 
thereby facilitaOng its placement within the weUboie. 

Once the expansion process begins, and the thicker, lower strength material 
15 of the tubular member 715 is expanded, the outside diameter of the tubular 
member 715 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. TT,e tubular member 715 Is preferably expanded in the radial 

d.rec0onandextmdedolfoftheexpandablemandrel705substanuallyasdescribed 
20 abovewithreferencetoFigs. 1^. THe tubular member 71 5 maybe fabricated from 
any number of materials such as. for example. Oilfield Counto' Tubular Goods 
(OCTG). automotive grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

Thetubularmember715preferablyhasasubstantiaIlyannularcross-section. 

25 ^e»-bularmember715morepreferablyhasasubstantiallycircularannularcross. 
section. 

The tububr member 715 preferably includes an upper section 805, an 
lmem.ediate seclion 810. and a tower sectton 815. upper secBon 805 of 0« 
tubular member 715 preferably is delined by the mgion beginning ,n ma vicinity of 
30 the mandrel container 710 and ending with the lop secUon 820 of the tubular 
member7IS.Thelntennedlatesectton810ofthetubularmember715,sprefeiably 
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( defined by the region beginning in the vicinity of the top of the mandrel container 
7 1 0 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular meml>er 7 1 5. 
5 The wall thickness of the upper section 805 of the tubular member 7 1 5 may 

be greater than the wall thicknesses of the intermediate and lower sections 810 and 
815 of the tubular member 715 in order to optimally faciliate the initiation of the 
extmsion process and optimally pemut the apparatus 700 to be positioned in 
locations in the welIl>ore having tight clearances. 

1 0 The outer diameter and wall thickness of the upper section 805 of the tubular 

member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall thickness of the upper section 805 of the tubular member 7 1 5 may range 
from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 

15 inches), respectively. 

The outer diameter and wall thickness of the intermediate section 8 1 0 of the 
tubular memt>er 7 1 5 may range, for example, from about 6.35 to 1 27 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the intermediate section 8 1 0 of the tubular member 

20 71 5 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.3175 to 3.175 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 
0 J 5875 to 3. 1 75 (1/1 6 to 1 .25 Inches), respectively. The outer diameter and wall thickness 

25 of the lower section 810 of the tubular member 71 5 may range from about 8.89 to 48.26 cms 
(3.5 to 19 inches) and 0.3175 to 3.175 cms (1/8 to 1.25 inches), respectively. The wall 
thickness of the lower section 815 of the tubular member 715 may be further increased to 
increase the strength of the shoe 720 when drillable materials such as, for example, 
aluminum are used. 

30 The tubular member 715 preferably comprises a solid tubular memt>er The end 

portion 820 of the tubular member 715 may be slotted, perforated, or otherwise modified 
to catch or slowdown the mandrel 705 v^en it completes the extmsion of tubular member 
715. The length of the tubular member 715 may t>e 



( limited to nrynimize the possibility of buckling. For typical tubular member 715 
materials, the length of the tubular member 715 may be preferably limited to 
between about 12.192 to 6.096 m (40 to 20,000 feet in length). 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 may include the fluid passage 740. The shoe 720 may 
include an inlet passage 830, and one or more jet ports 835. The cross-sectional 
shape of the inlet passage 830 may be adapted to receive a latch-down dart, or 
other similar elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably includes a body of soUd material 840 for increasing the strei^th of 
10 the shoe 720. The body of solid material 840 preferably comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal 11 Down-Jet float shoe, or guide 
shoe with a seeding sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
15 down-jet guide shoe with a sealing sleeve for a latch-down plug av£ulable from 
Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally feiclliate the removal of the shoe 
20 720 by driDing it out after completton of the extmsion process. 

The lower cup seal 725 Is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials firom entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective InjecUon Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas, TX in order to optimally provide a debris barrier and hold a body of 
lubricant 

30 The upper cup seal 730 is coupled to and supported by the si^port member 
760. The upper cup seal 730 prevents foreign materials firom entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
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( n"mberofconventionaJcormTierciaIlyavailabIecupsealssuchas.forexaniple TP 
cups or SeJective InjecUon Packer (SIP) cup modified in accordance with 'the 
teachings of the present disclosure. The upper cup seal 730 may comprise a SIP 
cup available from Halliburton Energy Services in Dallas. TX in order to opUmally 
5 provide a debris barrier and contain a body of lubricant. 

The fluid passage 735pennits fluidic materials to be transported to and from 
the interior region of the tubular member 7 1 5 below the expandable mandrel 705 

Thefluidpassage 735isf]uldicly coupled to the fluidpassage740.nienuidpassage 
735 is preferably coupled to and positioned within the support member 760 the 

10 support member745.themandrelcontainer710.and the expandablemandrel705 
The fluid passage 735 preferably extends from a position adjacent to the surface to 
the bottom of the expandable mandrel 705. The fluid passage 735 is preferably 
positioned along a centerline of the apparatus 700. The fluid passage 735 is 
preferably selected to transport materials such as cement, drilling mud or epoxles 

15 atflowrates and pressuresranging from about 151.4164 to 1 1356.2355 litres/minute 
(40 to 3.000 gallons/minute) and 34.473 to 620.52813 bar (500 to 9.000 psi) in order 
to provide sufficient operating pressures to extnide the tubular member 715 off of 
the expandable mandrel 705. 

As described above with reference to Rgs. 1^. during placement of the 
20 apparatus 700 within a new section of a wellboie. fluidic materials forced up the 

fluid passage 735 can bereleased into the wellboie above the tubularmember715 
The apparatus 700 further includes a pressure release passage that is coupled to 
and positioned within the support member 260. The pressure release passage is 
further fluidicly coupled to the fluid passage 735. The pressure release passage 
25 preferably includes a control valve for controllably opening and closing the fluid 
passage. Hie control valve may be pressure acth^ated In order to controllably 
nunimize surge pressures. The pressure release passage is preferably positioned 
substantially orthogonal to the centerilne of the apparatus 700. The pressure 

releasepassageispreferably selected loconvey materials suchascement,driUing 
30 mud or epoxies at flow rates and pressures ranging from about 0 to 1892.7059 
litres/minute (0 to 500 gallons/minuie) and 0 to 68.94757 bar (0 to 1.000 



psi) in order to reduce the drag on the apparatus ZOO'diirinylnsertion Into a new 
^ section of a wellbore and to minimize surge pressures on the new wellbore sectloa 
The fluid passage 740 permits fluldic materials to be transported to and from 
the region exterior to the tubular member 71 5. The fluid passage 740 is preferably 
5 coupled to and posiUoned within the shoe 720 in fluldic communicaUon with the 
interior region of the tubular member 715 below the expandable mandrel 705. The 
fluid passage 740preferablyhasacross-sectlonalshape thatpemiits aplug, orother 
simflar device, to be placed in the Inlet 830 of the fluid passage 740 to thereby block 
fiirtherpassage of fluidic materials. In this manner, the inteiior region of the tubular 
10 member715belowtheexpandable mandrel 705 can be opUmallyfluldicly Isolated 
from the region exterior to the tubular member 7 1 5. This penni ts the interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
15 convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psI) in order to optimally fill an 
annular region between the tubular member 71 5 and a new section of a weUbore 
with fluidic materials. The fluid passage 740 may include an inlet passage 830 
20 having a geometiy that can receive a dart and/or a ball sealing member. In this 
manner, the fluid passage 240 can be sealed off by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 further includes one or more seals 845 coupled to and 
supported by the end portion 820 of the tubular member 715, The seals 845 are 
25 furtherposiUoned on an outer surface of the end portion 820 of the tubular member 
715. The seals 845 pennlt the overiapplng joint between an end portion of 
preexisting casfng and the end portion 820 of the tubular member 71 5 to be fluidicly 
sealed. The seals 845 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon™,orepoxy seals modified 
30 In accordance with the teachings of the present disclosure. The seals 845 may 
comprise seals molded from StrataLock epoxy available from Halliburton Energy 
Seivices in Dallas, TX in order to optimally provide a hydraulic seal and a load 
bearing 
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( interference fil in the overiapping joint between the tubular member 71 5 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient frictlonal force to 
5 support the exparuled tubular member 7 1 5 from the existing casing. The frictionai 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 IbO in order to optimally support the exi)anded tubular member 
715. 

The support member 745 is i»eferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufilcient strength to cany the apparatus 700 
into a new section of a wellbore. The support meml)er 745 may comprise any 
numl)er of conventional commercially available support members such as, for 
example, steel drill pipe, coUed tubing or other high strength tubular modified in 
1 5 accordance with the teachings of the present disclosure. The support member 745 
may comprise conventional drill pipe available from various steel mills in the United 
States. 

A body of lubricant 750 may be provided In the annular region above the 
e]q}andable mandrel container 71 0 within the interior of the tubular member 715. 

20 In this manner, the extrusion of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
convenUonal commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1 500 Antisieze (3 1 00). The 
lubricant 750 preferably comprises CBmax 1500 AnUsieze (3100) available from 

25 HalUburton Energy Services in Houston, TX in order to optimal^ provide lubrication 
to (aciliate the extrusion process. 

Tlie overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 

30 connection 755 may comprise any number of conventional commercially available 



( overshot connections suchas, for example, Innerstring Sealing Adapter, Innerstring 
Rat-Face Sealing Adapter or EZ Drill Setting Tool Stinger The overshot connection 
755 preferably comprises a Innerstring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 

755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise ar^^ number of conventional commercially available support members 
10 such as, for example, steel drill pipe, coiled tubing or otlier high strength tubulars 
modified in accordance with the teachings of the present disclosure. The support 
meml>er 760 preferably comprises a conventional drill pipe available from steel 
mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
1 5 stabilizer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter that is about 80 to 99% of the interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
20 commercially available stabilizers such as. for example, EZ Drill Star Guides, packer 
shoes or drag blocks modified in accordance with the teachings of the piesent 
disclosure. The stabilizer 765 may comprise a sealing ad24>ter upper guide available 
from Halliburton Enei^ Services in Dallas, TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 
25 assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material into the apparatus 700 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 
30 wellbore, a couple of wellbore volumes are circulated 
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( llHough the rarious nowpassage, of the apparatus 700 In order to emure that no 

foreisnma.ertaba«loca,edwiUto.hewel»>o,.tha.migh.clogupthevariousnow 
passages and valves of the apparatus ?00 and to ensure that no foreign material 
mteferes with the eq«ns,„n mandrel 705 during the expansion process 

5 The 'PP^t^ 700 may be operated sul>stantially as described above «ith 
reference to Figs. I .? to fom. a new section of casing within a weBbore. 

As illustrated in Fig. 8, in an altemathre prefened embodiment, the method 
and apparatusdescribedhereinisusedlorepairan existing wellborecasing 805 by 
'<»n>inga«ub«larIlner810insideoftheexis.ing„eUbo.ecasing805. Inapreferred 
10 embodiment, an outer annular lining of cement Is not pmvided in the repaired 
secuoa In the alternative preferred embodiment, any number of fluldic materials 
canbe used toexpand the tubular Uner 8 lOinto Intimate contact with thedamaged 
sec«on of U« weinx^o casing such as. for example. cem*nt. ep«<y. slag mix. of 
dnUtngmud. m 0.e alternative prefened embodiment, sealing members 815 a» 
15 pteierably proVded a. both ends of the tubular member In order to optimally 

provideafluidic seal Inanaltemativepreferredembodiment, the lubulamnerglO 
.s fomred within a horizontally poslUoned pipeline section, such as those used to 

.ra™,p„nhyd,ocarbons„rwater,wi.hthetubuterliner810placedlnanoveriapping 
retedonship with the adjacent pipeline secdor. In this manner, undetground 
20 prpelrnes can be rapated without having to dig out and replace the damaged 
sections. ^ 

In another altematfee prefened embodiment, the method and apparatus 
descnbed herein is used to directly line a weObore with a tubular liner 810. In a 

,,r!r'"''^'^"°'''^"™'*"''^"«°'~'^"°'P'<>^<'«'be'vveen 
25 .he.ubularllner810andtheweilbore. In the alternative preferred embodiment 
any number of fmidic materials can be used to expand the tubular Bner 810 hto" 

U,t^econ.ac,wi.h.hewel«»resuchas.forexample.cemen,ep«,y.slagmb. 

or dnllmg mud. 

Referring now to Figs. 9. 9a. 9b and 9c. a preferred embodiment of an 



( apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodimenl. the design and constmction of the mandi«1 906 
and shoe 908 permits easy removal of those elements by drilling them out In this 
5 manner, the assembly 900 can be Ccisily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
9 1 0, an intermediate portion 9 1 2 and a lower portion 9 1 4. During operation of the 
apparatus 900, the tubular member 902 Is preferably extnided off of the mandrel 
10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly prefened embodiment, an expandable tubular member 9 1 5 
is coupled to the upper portion 9 1 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extruded off 
15 of the mandrel 906 by pressurizing the Interior region 966 of the tubular member 
902. The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member915 is greater 
than the wall thickness of the tubular member 902. 

The tubularmember 91 5 may be fabricated from any number ofconventtonal 
20 commercially available materials such as, for example, oilfiekl tubulais, low alloy 
steels, Utanium or stainless steels. In a prefened embodiment, the tubularmember 
91 5 is fabricated from oilfiekl tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particularly 
prefened embodiment, the tubular member 915 has a plastic yield point ranging 
25 from about 275.9028 to 9307.92195 bar (40,000 to 1 35,000 psi) in order to optimally 
provide approximately the same yield properties as the tubular member 902. The 
tubular member 915 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealii^ members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 
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and 9.5 are L„,.,ed to minimize tt,e p^mty of b«WI„g. For .ypicai mbuUr 
member maiertal., «,e combined ler^U, of .he .ubula, members 902 arrt 915 are 
limited ,0 be^veen about 12.192 to 6,09Sm (40 .o 20.000 fee.) In tength 

5 ?'^^"^^'~'«°"»"'<"*«'^"la'membe,902i,p,efe«b,yeoupled.o,he 

shoe908bva.h,eadedco™,ecUon968.Tl»ln.em,edia,epo,«on9,2of.he.ubular 
member 902 p«fe,ably is placed in InUmate sMIng contact with the mandrel 906 

Thetubularmember902 maybe fabricatedfromanynumberofconventional' 
con^nerciallyavailable materials suchas. for«camp,e, ollBeld tubulars, lowalloy 

10 s^ ttortumorstalnlesssteels. In a prefened embodiment, .he tubular member 
9« » fabncated from oilfleld tubulars in order ,„ optimally provide appr^dmate^ 
the same mechanical properties as the tubular member 915. In a paracularty 
preferred embodiment, the tubular member 902 has a pbsdc yield point »«hg 
fromabou, 275.9028 .09307.92,95 bar W0,000,o,35,000psi)inordertoo,Z!^ 

.5p.ov,deapp,oxima.elyU«sameyieldprope,Uesas.hetabula,member9l5 

o,,. „!'r'"'"''""'''''"'«^''™'™««'««=-''<~^'PO«k™,9.0,9.2«K.9M 
o,the.bu,„memb«902m,y,,„,e,,»rex=m^^^ 

Smches). 'n»P'«f«'«den.bodimen..thewal.,hicknessof.heupper,lmem,edtate «,d 
20 sTrT' ""^ -"'-".en.ber9<.„„^m ruT^;5t 

20 ..75cn,s(,/8.cl.2.,„ch., .n«der to c..in«.yp,<Md.v»ll thickness dra. are ^ 

.hesameas,he.„bu,a,n,en,ber9l.,„.p,e,e„edembodime„,^„^a^^l 
^.wer po,«o„ is less than o, egua. to the wall ,h.cla,ess of the upper po,*.„ „„1 
-der.oop.,ma«yp™«ea,«m«,ytt«^,«^„^„^^;j^^ 

25 of „!'7"'"''™*'"'''^'«^''^='«>''-"'''°w«'P<>«<ons,9l0.9.^ 

25 of ^e tubular member 902 may range, for exampte, ftom about Z667 to I2..92 cms (, 05 

^^»Khes).Maprefe.redembod.men,..Heou.erdlame.eroftheupper,,„.em,Ir 

«.26cms (3 «,o Inches) h order to optfcnal^pmvid. the abfflty to expand themoM 
commonly used oilfield tububre. 
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^ The length of the tubular member 902 is preferably limited to between about 

0,6096 to 1.524 m (2 to 5 feet) m order to optimally provide enough laigth to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
compzises Oilfield Coimtzy Tubular Goods available fh>m various U.S. steel mills. 
The tubular member 915 may compriro any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferredenibodiment,thetubularmember915comprises 
Oilfield Cknmtry Tubular Groods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of convrational process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined fi*om one piece. In a preferred embodiment, the various 
20 elements of the tubidar member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any nxmiber of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring auiapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any niunber of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 
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^ embodiment, the support member 904 is fabricated from' low alloy steel in order 

to optimally provide high yield strength'. 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a sur&ce location. The iimerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and trom tiie apparatus 900. In a preferred embodiment, the fluid passage 918 
is flTiidicty coiqiled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable fluidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In apreferred 
embodiment, the fluid passage 918 is positioned alonga longitudinal centerline of 
15 the apparatus 900. In a preferred CTibodunent, the fluid passage 918 is selected 
to permit the conveyance of hardraable fluidic materials at operating pressures 
ranging fiom about 0 to 620.S2813 bar (0 to 9.000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. Theupperguide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 nu^ comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring ad^ter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 withm the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled naing any 
number of conventional processes such as, for example, welding, threaded 
connections or machine d from one piece. In a preferred embodiment, the various 
0 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lo vrer cone retainer 930, a body of cement 932, a lower guide 

30 
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934. an extension sleeve 936. a spacer gSS.'a hoiising 940.' a selimg'sleeve 942 an 

Tipperconeretamer944.alubricatormakdrel946,alubricatorsleeve948.agm^^ 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946. lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross.section. The retainer 924 may comprise any number of conventional 
commerciany available retainers such as. for example, slotted q,ring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel • 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 

foreignmaterialsintotheinteriorregion 972 ofthetubularmember 902 below the 
rubbercup926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as. fi^ .example. TP cups or Selective 
15 Iioection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available ftom Halliburton Energy Services in Dallas. TX in 
^ order to optimaUy block foreign materials. 

In a particularly preferred ^bodiment, a body of lubricant is further 
prov«iedin tiieinterior region 972 of the tubular member 902 in order to lubricate 
20 the interface bet«reen the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number ofconventional commercially available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100X I-«P-ferredembodiment,thelubricantcomprisesClimaxl500Antiseize 
25 (3100)avaikbIeWCWLubricantsandEquipmentCo.inHouston.TXin 
order to optimally provide lubrication to fedliate the extrusion process. 

The expansion cone 928 iscoupledtothe lower cone retainer930,the body 
Ofcement932.thelowerguide934,theextensionsleeve936.thehousing940 and 
*^«"PP«^coneretainer944.Inapr.feri^embodiment.duringoperationoft^ 
30 'apparatus 900. the tubularmembers 902 and 915 are extruded off ofthe outer 
surface ofthe expansion cone 928. m a preferred embodiment, axial movement 
^ ^f«^e«^ansioncorxe928ispreventedbythelowerconeretainer930.housing940 



r 

and the upper cone retainer 944, 

nie expansion cone 928 preferably hasasul>slantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thickness of the expansion cone 928 may range, for example, 
5 fromabout0.3175to7.62cms (0.125 to3inches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compresswe strength 
with minimal material. The maximum and minimum outside diameters of the 
expansion cone 928 may range, for example, from about 2.54 to 1 1 9.38 cms (1 to 
10 47 inches). In a preferred embodiment, the maximum and minimum outside 
diameters of the expansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 19 
inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

Theexpansloncone928niaybe fabricated from anynumber of conventional 
15 commerclallyavailablemalerialssuchas.forexample,ceramic.toolsteel.titanlum 
or lowaUoy steel. Inaprefened embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 RockweO C. In a preferred embodiment. 
20 the surface hardness of Uie outer surface of tfie expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a prefen-ed embodiment, the expansion cone 928 is heal treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the tower cone retainer930. Preferably, the lowercone retainer 
930 has a substantially annular cross-section. 

The tower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, ceramic, tool 
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 
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^ and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
RocJcwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrcLsion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may he easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900. the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. The 
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^ °"'^'-5"rfaceoftheIowerguide934preferablymatesvviththeinnersurfaceoffte 
tubular member 902 to provide a sJiding fit. 

The extension sleeve 936 is coupJed to the lower guide 934 and the housing 
940. During operaUon of the apparatus 900. the extension sleeve 936 preferably 

5 helpsguidethemovementofthemandreI906withinthetubu]armember902 The 
extension sleeve 936 preferably has a substanUally annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from low alloy steel in order to optimally provide 
high yield su-ength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit In a 
prefen-ed embodiment, the extension sleeve 936 and the lower guide 934 are 
fomied as an integral one-piece element in order to minimize the number of 
15 components and increase thestrengtti of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas.forexample.steel.alumlnumorcastlion 
m a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

^°°Pt5'"allyprovidedriIlabili,y.11ieendofUiespacer938preferablymateswiththe 
25 end of tiie extension tube 960. In a preferred embodiment, the spacer938 and ttie 
sealing sleeve 942 are fomied as an integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934. extension sleeve 936 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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^ The housing 940 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a prefen-ed 
5 embodiment, the lower guide 934, extension sleeve 936 and housing 940 are 
formed as an integral one-piece element in onder to minimize the number of 
components and increase the strength of the apparatus. 

In a particulariy prefen-ed embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operaUon of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 maybe fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particulariy preferred embodiment, the spacer 938 and the sealing sleeve 
25 942 are integrally formed as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to the expansion cone 928. the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular cross- 
section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iroa In a preferred embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillabilily of the upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 
10 of material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
bodyof lubricant in the annular region 972 for lubricating the interface between the 
15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the mbber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 



^ As illusualed in Fig. 9c, the lubricator sleeve 948 Is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. TTie 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In aprefened 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946. lubricator sleeve 948. and rubber cup 926 in order to opUmally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946. the retainer 924. and 
the lubricator sleeve 948. During operaUon of the apparatus 900. the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
1 0 950 has a substantially annular cross-section. 

The guide 950 may be fabricated fmm any number of conventional 

commercla]Jyavailablematerialssuchas.forexample. steel, aluminumorcastiron 
In a preferred embodiment, the guide 950 is fabricated from aluminum order to 

optimally provide driilabllity of the guide 950. 
15 Thefluidpassage952iscoupledtottiemandrel906. During operation of ttie 
apparatus. tt,e fluid passage 952 preferably conveys hardenabte fluidic materials 

Inaprefeiredembodlment.tf,efluidpassage952ispositionedabouttfiecenteriine 
of ti,eapparatus900. In a particulariy preferred embodiment, ttie fluid passage 952 

isadaptedloconveyhardenablefluidicmaterialsat pressures and flowrate ranging 
20 fr<»naboul0lo620.52813bar(0to9.000psl)and0to 11356.2355 litres/minute (0 
to 3.000 gallonVmin) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during the installation of tiie apparatus 900. 

The various elements of tiie mandrel 906 maybe coupled using any number 
of conventional process such as. for example, ttireaded connections, welded 
25 connectionsorcementing. Inapieferredembodiment,«ievarious elements of the 
mandrel 906 are coupled using ttweaded connections and cementing. 

THe shoe 908 preferably Includes a housing 954. a body of cement 956 a 
sealing sleeve 958. an extension tube 960, a fluid passage 962. and one or more 
outiel jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 
9 1 4 of the tubular member 902. During operation of ttie apparatus 900, the housing 
954 preferably couples the lower portionoftt,etubularmember902 to the shoe908 
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to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protmsions to facillate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954, and the seading sleeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, £duminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 and 
then into the ouUet jets 964 in order to inject the hardenable fluidic material into an 
annular region external to the tubular member 902. In a preferred embodiment, 
during operaUon of the apparatus 900, the sealing sleeve 958 further includes an 
25 inlet geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 
blocked thereby fluidicly isolating the interior region 966 of the tubular member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefen-ed embodiment, the sealing sleeve 958 is 
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^ fabricated from aliuninum in order to optimaUy provide dxillabilily of the sealing 
sleeve 958. 

— The extension tube 960 is coupled to the sealing sleeve 968, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to conv^ a hardenable fluidic 
material from the fluid passage 962 into the fluid passage 962 and then into the 
outlet jets 964 in order to iiyect the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fEudliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
^ annularcross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drillabiUty of the 
extCTsion tube 960. 

The fluid passage 962 is coupled to the sealmg sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conv^ hardenable fluidic materials. In a 
25 preferred embodiment, the fluid passage 962 is positioned about the centerlme of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 (0 to 3.000 
gallons/min) in order to optimally provide fluids at operationally efficient rates. 
30 The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
_ jets 964 preferably convsy hardenable fluidic material from the fluid passage 962 
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^ totheregionexterioroftheapparatus900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a prefeiTOd embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 966 in order to simplify the constniction 
5 of the apparatus 900. 

The ynious elemento of the dioe 908 may be coupled using any number of 
conventioMj p«c9« wch a., for ezampte. threaded connections, cement or 
n«chined from one piece of materiel In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 

10 I°«P«fe™'»»*<>dtoent, the assembly 900 is operalad substantially as 

described above with reference to Kgs. M to create a new s«*ion of casing to a 
weBbore or to repair a wellbore casmg or pipeltoe. 

In partieular, in order to ertend a wellbore into a subtemnean fcrmation. 

a dnU string is used m a well known manner to driU out material from the 
16 subterranean fonnation to form a new section. 

The apparatus 900 for fcmrfng a wellbore o«dng in a «ibt«»nean 
fonnationi,tbenpo.ltion«!inthenew.ectionoftheweUbor.. toapariicularly 
prefenr«iembodtoMnt.th..ppapatu.900inctade.thetubularmember915 Ina 
P«*rred emb«tt„ent, a hardenable fluidic aealtog hardenable fluidic sealing 

20 material i. then pumped from a surii«=e location toto the fluid passage 918 The 
h«denablefluidicse.lingmat«ialthenpassesfromthefluidpassage9I8intothe 
mterwr region 966 of the tubular member 902 below the mandrel 906 The 
h^tenable fluidic sealing material then passes fh,m the toterior region 966 mto 
the flmd passage 962. Tl« hardenable fluidic sealing material then exits U« 
25 J^tus 900 Vis the ouUet jets 964 and ffll, an annular region between the 
«tarmrofthetubuIarmember902sndtheinteriorwaUofa„newsecti.nofthe 
weUbore. Contmuedpumpingofthehardenabl.fl„idics..Bngm.teri.lc8u.e.the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic saaltog material is p„ft„Wy pumped toto the 
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^ and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well secUon being lined available from Halliburton Eneigy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficultiesduring the displacement of thecementin the annularregion. 

The optimum composition of the blended cements is preferably detemiined using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902. the annular region of the new section of the wellbore will be fiUed 
with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
fubularmember902fromtheextemalannularregion. In a prefened embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 
25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 9 74. or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974. or other similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 9 1 5 is minimized. 
30 Once the interior region 966 becomes sufficiently pressurized, the tubular 

members 902 and 915 are extmded off of the mandrel 906. The mandrel 906 may 
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^ be fixed or it may be expendible. During the extrusion process, the mandrel 906 
iS raised out of the expanded portions ofthe tubular members 902 and 915 using 
the supportmember 904. Duringthis extrusion process, the shoe 908 ispreferably 
substantially stationaiy. 

5 The phig or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a sur&ce location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as. 
for example. Multiple Stage Cementer (MSG) latch-down plug. Omega latch-down 
10 phigor three-wiper latch down plugmodified in accordance with the teachings of 

thepre8entdisdosure.Inapreferred embodiment, the plug or dart 974comprises 
al^C latch-down plug available fromHalliburtonEnergy Services inDallas,TX. 

After placement of the plug or dart 974 in the fluid passage 962, the'non 
hardenable fluidic material is preferably pumped mto the interior region 966 at 

15 P^^«^*««"dflowratesrBngingfromappK,ximately34.473to620.52813barf500to 
9.000 psi) and 151.4164 to 1 1356.2355 Utres/minute (40 to 3.000 galWmin) in onier to 
optimally extnide the tubular members 902 and 915 off of the mandrel 906. 

Far t»ical tuW r^u^ 902 and 915. th. cxtn«ion of the tubular n«nbcn 902 ^ 915 off 
Of fl^c^te -aodrel ^ begin when .be Of the interior region 966 reaches .pp„,:dn.te,y 

34.4BU> 520.52813 bar (500 . 9.000 psi, ^ a p.fe^ed en*odin«n, .be extrusion of tubular 

902 at^ 915 off of the n^ndre, begins When the pressure Of tbe ^^^^^ 
a^^ty 82.7352 to 586.041 bar (UOO to ,500 psi) with a flow rate of about 151.4164 . 
4731.7648 btre&teinute (40 to 1250 gallons/minute). 

Dtmng the extrusion process, the mandrel 906 may be ndsed out ofthe expanded 
portio^ ofthe tubular members 902 and 9 1 5 at rates ranging, for example, from about 0 
25 tol.524 m^'s(0to5fi/sec). ^ a preferred embodiment, during the extrusion process, the 
mandrel 906 is raised out ofthe expanded portions ofthe tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
pu^lmg speed fast enough to permit efficient operation and pemiit foU expansion ofthe 

ntbular members 902 and915prior to curing ofthehardcnable fluidic sealingmaterial- 
but not so fast that timely adjustment of operating parameters during operation is ' 
30 prevented. 
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When Ihe upper end portion of the tubular member 915 is extruded off of the 
mandrel 906, the outer surface of the upper end portion of the tubular member 91 5 
will prefeiabty contact the interior surface of the lower end portion of the existing 
casing to form an fluid tight overiapping joint. The contact pressure of tfie 
5 overlapping joint may range, for example, from approximately 3.447379 to 
1 ,278.95 1 4 bar (50 to 20,000 psi). In a prefened embodiment, the contact pressure 
of Oie overlapping joint between the upper end of the tubular member 9 1 5 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10,000 psi) in order to optimaliy provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such that Oie tubular 
member 9 1 5 and existing wellbore casing will cany typical tensile and compressive 
loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when.tiie mandrel 

15 906 reaches tfie upper end portion of ttie tubular member 91 5. In this manner, tiie 
sudden release of pressure caused by ttie complete extrusion of ttie tubular 
member 915 off of Uie expandable mandrel 906 can be minimized. In a prefen^ed 
embodiment, tiie operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during ttie end of Uie extrusion process beginning when 

20 the mandrel 906 has completed approximately all but £a>out tiie last 1 .524m (5 feet) 
of the extrusion process. 

In an alternative prefened embodiment, ttie operating pressure and/or flow 
rate of ttie hardenable fluldic sealing material and/or ttie non hardenable fluidic 
material are controUed during all phases of ttie operation of ttie apparatus 900 to 

25 minimize shock. 

Alternatively, or in combination, a shock absortier is provided in the support 
member 904 in order to absort> ttie shock caused by ttie sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 above Uie support member 904 in order to catch or at least decelerate ttie mandrel 
906. 

Once ttie extrusion process is completed, ttie mandrel 906 is removed from 
tfie wellbore. In a prefened embodiment, eiUier before or after the removal of ttie 



^ mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the e^anded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the ejq[)anded tubular member 915 and the existing 
casing and new section of wellbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
1 5 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 In order to facilitate the removal of the 
remaining sections. In a prefened embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and-, 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 

sections of tiie mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, tiie 
lubricator mandrel 946, the lubricator sleeve 948. the guide 950, the housing 954, the 
body of cement 956, the sealing sleeve 958, and tiie extension tube 960, are 

30 selected to permit at least some of Uiese components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 



^ malfunction downhole. the apparatus -'stfo may be- easily* reAioved from the 

weJIbore. 

Referring now to Figs. lOa. 10b. 10c. lOd. lOe. lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 10a.awellbore 1 000 posiUoned in a subterranean fonnaUon 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. Thesecond casing 1006 preferablyincludes a tubular liner 1012and 
a cement annulus 1014. In a prefen-ed embodiment, the second casing 1006 is 
10 fomied by expanding a tubular member substantially as described above with 
reference to Figs. I-Sc or below with reference to Figs. I la-1 If. 

In a particularly preferred embodiment, an upper portion of the tubular liner 
1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

Referring to Fig. I Ob. in order to create a Ue-back liner that extends from the 
overlap between the first and second casings. 1004 and 1 006. an apparatus 11 00 is 
preferably provided that includes an expandable mandrel or pig 1,05. a tubular 

20 "'«n,berino.ashoein5.oneormorecupsealsll20.afluidpassagelI30.afluid 
passage 1 1 35. one or more fluid passages 1 1 40. seals 1 1 45, and a support member 
1 1 SO* 

The expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 
25 comrollably expand in a radial direction. 77,e expandable mandrel 1105 may 
compnse any number of conventional commercially available expandable 

naandrelsmodifiedinaccordancewiththeteachingsofthepresentdisclosure In 
a prefened embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat No. 5.348,095. the disclosure 
30 of Which is incorpoiated herein by reference, modified in accordance with the 
teachings of the present disclosure. 



^ The tubular member 11 10 is coupJed toand siippdrted b^ thefexpandable mandrel 

1 105. The tubular member 1105 is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1 1 10 maybe 

fabricated from any number of materials such as. for example, CMlfleld Country Tubular 
5 Goods. 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 11 1 0 is fabricated from C^eld Country Tubular Goods. 

The innerandouierdiametersof the tubular member 1 1 10 may range, for example, 
from approximately 1.905 to 119.38 cms (0.75 to 47 Inches) and 2.667 to 121.92 cms (1.05 
to 48 inches), respectively. In a preferred embodiment, the inner and outer diameters of 
10 the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15.5 Inches) and 8.89 
to 40.64 cms (3.5 to 16 inches), respectively in order to optimally provide coveiage for 
typical oilfield casing sizes. Hie tubular member 1110 preferably comprises a solid 
member. 

In a preferred embodiment, the upper end portion of tiie tubular member 1 1 10 Is 
15 siotted. perforated, orotherwisemodifiedlocatchorsIowdownUiemandrel 1105when 
it completes tfie extnision of tubular member 1110. In aprefened embodiment, the lengtit 
of the tubular member IllOis limited to minimize the possibility of buckling. For typical 
tubularmemberlllOmateriak.thelengOiofthetubularmemberllTtill,ireferabty 
to between about 12.192 to 6,096m (40 to 20,000 feet) In length. 

20 Theshoe 1 US is coupled to the expandable mandrel 1105 and the tubularmember 

1 1 10. The shoe 1 1 15 includes the fluid passage 1 135. Tl»e shoe 1 1 15 may comprise any 
number of conventional commercially available shoes such as. for example. SuperSeal n 

float shoe. Super Seal II Down-Jet floatshoeoraguide shoe withasealing sleeve foralatch 
down plug modified in acconlance witfi the teachings of ttie present disclosure. In a 

25 preferred embodiment, the shoe 1 115 comprises an aluminum down-fet guide shoe with 
a sealing sleeve for a latch-down phig with side ports radiating off of the exit flow port 
available from Halliburton Energy Services in Dallas, TX. modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 1 100 
to the overlap between the tubular member 1 100 and tiie casing 1012, optimally fluldicly 

30 isolate the Interior of the tubular member 1 100 after the latch down plug has seated, and 
optimally pennit drilHng out of the shoe 1115 after completion of tfie expansion and 
cementing operations. 

In a preferred embodiment, the shoe 1 115 includes one or more side outlet 
portsll40lnfluldlccommunicationwith the fluid passage 1135. Inthis manner, 



^ tliBshoelll6izuectshaidenablefluidic8oaiiriginatenaIm^ 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
^ includes one or more ofthe fluid passages 1140eachhavinganinletgeometiy that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1140 canbesealedoffbyintroducingaplug,dartand/orbaU sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1 150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 acljacent to the expandable mandrel 1 105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from HaUiburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a body of lubriicant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1106. The fluid passage 1130 is coupled to and positioned vrithin the 
support member 1150 and the expandable mandrel 1106. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1106. The fluid passage 1130 is preferably positioned along 
a centeriine ofthe apparatus 1100. The fluid passage 1130 is preferably selected 
to transpori: materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging fiom about 0 to 1 1356.2355 UtresAninute (0 to 3,000 gallons/minute) 
25 and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimaUy provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

Thefluid passage 1135pennitsfluidicmaterialstobetransmittedfromfluid 
passage 1130 to the interior ofthe tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transporisd to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
_ communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid pa&sages 1140 prefera£)Iy*have a cross- 
sectional shape that permits a plug, or otHer similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated firom the region cjcterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fhiid passages 1 140 are preferably positioned along the periphexy of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 62,52813 bar (0 
to 9,000 psi) in order to optimally fill the annular region between the tubular member 
1110 and the tubular liner 1 008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an ixllet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1 140 can be sealed off by introducing a plug» 
dart and/or ball sealing elements into the fluid passage 1 130. hi a preferred embodiment, 
the apparatus 11 00 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or otiier similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the escterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer siuiace 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commerciaUy 
available seals such as, for example, lead, mbber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energjr Services in Dallas, TX in order to optimaUy provide a 
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^ hydraulic seal in the overlapping joint and cirtiiftalJy provide lokd cahying capacity 
to withstand the range of typical tensile and compressive loads. 
— In aprefeired embodiment, the seals 1145 are selected to optimally provide 

asufBcientfrictionalfbrce to support tiie aq>anded tubularmember 1110 from the 

5 tubular liner 1008. In a preferredembodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1.000, 000 Ibf) m tensioB and 
conqjression in order to optimally support the expanded tubular member 1 1 10. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an a nnular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular memb» 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 
16 annular region above the expandable mandrel 1106 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
_ off of expandable mandrel 1106 is fadUtated. The lubricant 1150 may 
comprise any number of conventional commerdaUy available lubricants such as, 
for example Lubriplate™, chlorine based hibricants or Cliinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1600 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

Inapreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 maDner.theintroductionofforeignmaterialintotheapparatusllOOisminimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the e^sansion mandrel 1105 during the extrusion process. 

In a particularty preferred embodiment, the apparatus 1100 includes a 
30 packer 1156 coupled to the bottom section of the shoe 1115 for fluidicty isolating 
the r^on of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
^materials are prevented from entering the region of the wellbore 1000 below the 



^ apparatus 1 100. The packer 1 155 may comprise aity nutnb^r of convenUonal 
commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a prefeired embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Energy Sendees in Dallas, 
5 TX. In an alternative embodiment, a high gel strength piil may be set below the tie- 
back in place of the packer 11 55. In another alternative embodiment, the packer 
1 155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 11 00, a couple of weDbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various How passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fhiidic sealing material 1 160 is then 
1 5 pumped from a surface location Into the flukl passage 11 30. The material 1 1 60 then 
passes from the fluid passage 1 130 into the interior region of the tubular member 
1 1 10 below the expandable mandrel 1 1 05. The material 1 160 then passes from the 
interior regton of ttie tubular member 1110 into the fluid passages 1140. The 
material 1 1 60 then exits the apparatus 1 1 00 and fills the annular region between the 
20 exterior of the tubular member 1 1 1 0 and ttie interior wall of the tubular liner 1 008. 
Continued pumping of the material 1 1 60 causes the material 1 1 60 to fill up at least 
a portion of the annular region. 

The material 1 1 60 may be pumped into tiie annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 
25 0 to 5678.1 177 litreVminute(0 to 1,500 gallons/nrin). respectively. In a preferred 
embodiment, the material 1 160Ispumped into the annularregion at pressures and 
flow rates specifically designed for the casing sizes being run, the annular spaces 
being filled, the pumping equipment available, and the properties of ttie fluid being 
pumped. The optimum flow rales and pressures are preferably calculated using 
30 conventional empirical mettiods. 
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^ The hardenable fluidic sealing material 1 1 5o may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as. 
for example, slag mix, cement or epoxy. In a prefen^ed embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specifically 
5 designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas. TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably detennined using 
1 0 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled with material 1 1 60. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
1 5 with material 1 1 60, one or more plugs 1 1 65. or other similar devices, preferably are 
introduced into the fluid passages 1 140 thereby fluidicly isolating the interior region 
of the tubular member 1110 from the annular region extemeil to the tubular member 
1110. In a preferred embodiment, a non hardenable fluidic material 1 161 is then 
pumped into the interior region of the tubular member 1110 below the mandrel 
20 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 1 65, or other similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 10 is minimized, 
25 As illustrated In Fig. lOe. once the iriterior region becomes sufficiently 

pressurized, the tubular member 1 1 10 is extmded off of the expandable mandrel 
1 105. During the extrusion process, the expandable mandrel 1 105 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing the plugs 1 165 into the fluid passage 1 130 at a surface locaUon in a 
conventional manner. The plugs 1 165 may comprise any number of convenUonal 
commercially available devices from plugging a fluid passage such as, for example, 

51 



bass balls, plugs, rubber balls, or darts mcKlUi'ecl in acccmiance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density rubber 
balls. In an altemathre embodiment, for a shoe 1 1 05 having a common central Inlet 
5 passage, the plugs 1 165 comprise a single latch down dart 

After placement of the plugs 1 165 in the fluid passages 1 140. the non hardenable 
fluidic material 1 161 Is preferably pumped Into the interior region of the tubular member 
1110 below the mandrel 1105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 13.562.355 litres/minute (40 to 
1 0 30.000 gallonVmin). In a preferred embodiment, after placement of the plugs 11 65 in the 
fluid passages 1 140, the ncMi hardenable fluidic material 1 1 6 1 is preferably pumped into the 
interior region of the tubular member 1 1 1 0 below the mandrel 1 1 05 at pressures and flow 
rates ranging from approadmately 82.737 to 586.0543 bar ( 1 200 to 8500 psi) and 1 5 1 .4 1 64 to 
4731.7648 litres/minute (40 to 1250 gallons/min) in order to optimally provide extmsion of 
15 typical tubulars. 

For typical tubular members 1 1 10, the extrusion of the tubular member 1110 
off of the expandable mandrel 1 105 will begin when the pressure of the interior 
region of the tubular member 1110 below the mandrel 1 105 reaches, for example, 
approximately 82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred 

20 embodiment, the extmsion of the tubular member 1 1 10 off of the expandable 
mandrel 1105 begins when the pressure of the interior region of the hibular 
member 1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extmsion process, the expandable mandrel 1 105 may be raised 

25 out of the expanded portion of the tubular member 1 1 10 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 
during the extmsion process, the expandable mandrel 1 105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 

30 operational parameters, and optimally ensure that the extrusion process will be 
completed before the material 1 160 cures. 

In a prefened embodiment, at least a portion 1 1 80 of the tubular member 
1 1 10 has an internal diameter less than the outside diameter of the mandrel 1 1 05. 
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In this manner, when the mandrel 1 fOS expands the section 1 1 80 of the tubular 
member 1 1 10, at least a portion of the expanded section 1 180 effects a seal with at 
least the wellbore casing 1012. In a particularly preferred embodiment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
5 the wellbore casing 1012. In a prefenred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012ranges from about 34.473785 to689.6757bar(500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
10 and compressive loads. 

In an altemative preferred embodiment, substantially all of the entire lei^th 
of the tubular member 1 1 10 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In this manner, extrusion of the tubular member 1 1 1 0 by the 
mandrel 1 105 nesults in contact between substantially all of the expanded tubular 
15 member lllOand the existing casing 1008. In a preferred embodiment, the contact 
pressure of the joint between the expanded tubular meml>er 1110 and the casings 
1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate the sealing members 1145 and 
provide optimal resistance to ensure that the joint wdD viithstand typical extremes 
20 of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
25 member 11 10 offofthee^qpandable mandrel 1105 can be minimized. Inapreferred 
embodiment, the operating pressure of the fluidic material 1 161 Is reduced in a 
substantially linear fashion from 1 00% to about 1 0% during the end of the extrusion 
process begirming when the mandrel 1 105 has completed approximately all but 
about 1.524m (5 feet) of the extmsion process. 
30 Alternatively, or in combination, a shoclc absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 
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^ Alternatively, or in combination, cf fnahdrel catdhing slruclure isprovided in 

the upper end portion of the tubular member 1 1 1 0 in order to catch or at least 
decelerate the mandrel 1 105. 

Refem'ng to Fig. I Of, once the extmsion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandaible mandrel 1 105, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint betvc'een the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 w^ithin the expanded 
tubular member 1 1 1 0 is then removed in a conventional manner. The material 1 1 60 
within the annular region between the tubular member 1110 and the tubular liner 
1008 is then allowed to cure. 
1 5 As illustrated in Fig. 1 Of, preferably any remaining cured material 1 1 60 within 

the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1110 and an outer annular 
layer 1 175 of cured material 1 160. 
20 As illustrated in Fig. 1 Og, the remaining bottom portion of the apparatus 1 1 00 

comprising the shoe 1115 and packer 1 155 is then preferably removed by drilling 
out the shoe 1115 and packer 1 155 using conventional drilling methods. 

In a particularly preferred embodiment, the apparatus 1 1 GO incorporates the 
apparatus 900. 

25 Referring now to Figs, 1 1 a- 1 1 f, an eml>odiment of an apparatus and method 

for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 1 1 a, a wellbore 1 200 is positioned in a subtenanean formation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1200 into the subtenanean fonmaUon 1205, 

a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1 205 to form a new section 1 230. 



^ As iUustrated in Fig. 1 1 b, an apjfSfytxis 1 300 forYonnihg a'wellbore casing In 

a subtenanean fonnation is then positioned in the new section 1 230 of the wellbore 
100. The apparatus 1300 preferably Includes an expandable nnandrel or pig 1305, 
a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a prefened 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348.095, the disclosure of which is 
incoiporaled herein by reference, modified in accordance with the teachings of the 
present disclosure. 

15 The tubular member 13 10 Is coupled to and supported by the expandable mandrel 

1 305. The tubular member 1 3 1 0 is preferably expanded In the radial direction and extnided 
offofthe expandable mandrel 1305. Thelubularmember 1310maybefabricatedfromany 
number of materials such as, for example. Oilfield Cbuntiy Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a prefened embodiment, the tubular 
20 member 1310 Is fabricated from OCTG. The inner and outer diameten; of the tubular 
member 1310 may range, for example, ftom approximately 1.905 to 1 19.38 cms (0.75 to 47 
Inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a preferred 
embodiment, the inner and outer diameteis of the tubularmember ISlOrange from about 
7.62 to 39.37 cms (3 to 15.5 Inches) and 8.89 to 40.64cms (3.5 to 16 inches), respectively in 
25 Older to optimally provide minimal telescoping effect in the most commonly encountered 
wellbore sizes. 

In a prefened embodiment, the tubular member 1310 includes an upper portion 
1355. an Intemiediate portion 1360, and a loxver portion 1365. In a preferred embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 
30 1310 range from about 0.375 to 3.81 cms (a/8 to 1 'A inches) and 8.89 to 40.64 cms (3 '/4 to 
16 inches), respectively In a prefened embodiment, the wall thickness and outer 
diameter of the intennedlate portion 1360 of the tubular member 1310 range from about 
1.5825 to 1.905 cms 



6$ 



(0.625 to 0J5 inches) and 7.62 to 48.26-cms (3 to IS inches), respectively. In a 
prefenred embodiment, the wall thiclcness and outer diameter of the lower portion 
1365 of the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 
inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particularly preferred embodiment, the wall thickness of the 

intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365. of the tubular 
member 1310 in order to optimally faciliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore having 

10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
prefen^ed embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 305 
when it completes the extrusion of tubular member 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular memt>er 1310. The shoe 1315 
20 preferablyincludes fluid passages 1330 and 1335. Theshoe 131 5 may comprise any 
number of conventional commercially available shoes such as, for example, Super 
Seal H float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 alurriinumdown-jetguideshoevNdthasealingsleeveforalatchKlownplugava^^^ 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidicly isolate ttie interior of Uie tubular 
member 1310, and optimally permit tiie complete drill out of the shoe 1315 upon 
30 the completion of ttie extmsion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
ouUet ports in fluidic communication uitii the fluid passage 1330. In this marmer, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 



outside the shoe 1315 and tubular memberlSlO.' In dprefeTired embodiment, the 
shoe 1 31 5 includes the fluid passage 1330 having an Inletgeometiy that can recewe 
a fluidic sealing member. In this manner, the fluid passage 1330 can be sealed off^ 
by introducing a plug, dart and/or ball sealing elements into the fluid passage 1 330. 
5 The fluid passage 1320pemiitsfluidicniaterialstobetiansportedtoandfrom 
the interior region of the tubular member 1310 below the expandable mandrel 1 305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1 345 and the expandable mandrel 1 305. The fluid passage 1 320 preferably extends 
from a posiOon adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerUne of the 
apparatus 1 300. The fluid passage 1 320 is preferably selected to transport materials 
such as cement, drilUng mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.5281 3 
bar (0 to 9,000 psi) In order to optimally provide sufflclent operating pressures to 
15 circulate fluids at operationally efficient rates. 

The fluid passage 1330pem)its fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 In fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
pemiits a plug, or other similar device, to be placed In fluid passage 1 330 to thereby 
block furtiier passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluldicly 
Isolated from the region exterior to Uie tubular member 1310. This permits the 
25 interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305 to be pressurized. The fluid passage 1330 is preferably positioned substantially 
along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilUng mud or epoxies at flow rales and pressures ranging from about 0 
30 to 1 1356.2355 Utres/minute (0 to 3,000 gaUons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of the wellbore 1200 with fluidic materials. In a 
preferred embodiment, the fluid passage 1330 
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includes an inlet seometiy that can receive a dart and/or a baU sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to cmvey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

1 0 about 0 to 1 1 356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 1310 
and the new section 1230 of the weItt>ore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end i>ortion 1355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

1 5 surface of the upper end portion 1 355 of the tubular member 1310. The seals 1 340 
permit the overlapping joint l>etween the lower end portion of the casing 1215 and 
the upper portion 1 355 of the tubular member 1 3 1 0 to be fluidicly sealed. The seals 
1 340 may comprise any numt>er of conventional commercially available seals such 
as, for example, lead, rubl>er, Teflon™, or epoxy seals modified in accordance with 

20 the teachings of the present disclosure. In a preferred embodiment, the seals 1 340 
comprise seals molded from Stratalock epoxy available from Halliburton Eneigy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapfHng joint while also creating optimal load bearing capability to 
withstand typical tensile and compressh^e loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient frictional force to support the exi>anded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1 340 ranges from about 68.94757 to 68.947.57 bar (1 ,000 to 1 ,000,000 IbQ 
in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe I3l5,andseai5 1340. The support member 1345 preferably comprises 
an annular member having sufficient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 



y embodiment, the support member 1 345 further includeVone or mdre conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1 300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modifled in a conventional manner for releasable attachment to the 
e?q>ansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1 300 and to ensure that no foreign material interferes with the extnjsion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1 330. The material 1 380 then exits the apparatus 1300 via the fluid passage 
1335 and fills the annular region 1 390 between the exterior of the tubular member 
1310andthe interior wall of the new secdon 1230 of the wellbore 1200. Continued 
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^ pumping of the material 1380 causes the>ma(erial ISSb-to fiUnlp'at least a portion 
of the annular region 1390. 

The material 1 380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1,500 gaDons/min), respecth^ely. In a 
prefeired embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rates ranging from about 0 to 344.73875 bar (0 to 5000 psi) 
and 0 to 5678.1 177 Ub-es/minute (0 to 1,500 gallons/min), respectively, in order to 
optimally fill the annular region between the tubular member 1310 and the new 
1 0 section 1 230 of the wellbore 1 200 with the hardenable fluidic sealing material 1 380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
1 5 specifically for the well section being drilled and available from Halliburton Energy 
Services in order to optimctlly provide support for the tubular member 1310 during 
displacement of the nuUerial 1 380 in the annular region 1 390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
The annular region 1 390 preferably is filled with the material 1 380 in sufficient 
20 quantities lo ensure that, upon radial expansion of the tubular member 1310, the 
annular region 1 390 of the new secUon 1230 of the wellbore 1 200 will be filled with 
material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 
filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
25 into the fluid passage 1320. The wiper dart 1 395 is preferably pumped through the 
fluid passage 1320 by a non hardenable fluidic material 138 1 . The wiper dart 1 395 
then preferably engages the wiper plug 1350. 

As illustrated in Rg. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1 395 with the wiper plug 1350 causes the wiper plug 1 350 to decouple 
30 from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge In the fluid passage 1 330, thereby blocking fluid flow through the fluid 



^vasBage 1330, and flxiidicly isolating the* IbteTrior regiob 137D of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The mper dart 1395 may comprise any number of 
conventional commercially available devices from plugginga fluid passage such as, 
for example, Multiple Stage Cementer latch«down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
_ Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

Afi;er blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 litres/minute (0 to 
1 500 gallons/min) in order to optimally extrude the tubular member 1 3 1 0 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior of the tubular memb^ 1310 is minimized. 

In a prcfcned embodiment, afta- blocking the fluid passage 1330, the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356^355 Htres/minute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 in operating parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubOlar ftiember 1310 off of 
the expandable mandrel 1305 wHI begin when the pressure of the interior region 1370 
reaches, for example, approximately 34.473 to 620.52813 bar (500 to 9.000 psi). In a 
prefened embodiment, fte extnision of the tubular member 1310 off of the expandable 
5 mandrel 1305 is a function of the tubular member diameter, wall thickness of the tubular 
member, geometry of the mandrel, the type of lubricant, the composition of the shoe and 
tubular member, and the yield strength of the tubular member. The optimum flow rate and 
operating pressures are preferably determined using conventional empirical methods. 
During the extrusion process, the expandable mandrel 1305 may be raised out of 

10 theexpandedportionof thetubularmember ISlOatratesranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a prefened embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 fl/sec) in order to optimaUy 
provide an efficient process, optimally permit operator adjustment of operation parameters, 

1 5 and ensure optimal completion of the eirtrusion process before curing of the material 1 380, 
When the upper end portion 1355 ofthe tubular member 1310lsextmdedoff of the 
expandable mandrel 1305, the outer surface of the upper end portion 1355 of the tubular 
member 1310 will preferably contact the interior surface of the lower end portion of the 
casing 1215toforman fluid tight overiapping joint. The contact pressure ofthe overiapping 

20 joint may range, for example, from aw^ximately 3.447379 to 1 ,278.9514 bar (50 to 20,000 
psi). In a preferred embodiment, the contact pressure ofthe overlapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
withstand typical tensUe and compressive loads. In a particulariy preferred embodiment, 
25 the sealing members 1340 will ensure an adequate fluldic and gaseous seal in the 
overlapping Joint 

In a prefened embodiment, the operating pressure and flow rate of the non 
hardenable fhiidic material 1381 is controllably ramped dovm when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
30 manner, the sudden release of pressure caused by the complete extmsion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a prefen-ed 
embodiment, the operating pressure is reduced in a substantially linear fashion from 1 00% 
to about 1 0% during the end ofthe extrusion process beginning wiien the mandrel 1 305 has 
completed approximately all but about 1.524m (5 feet) of the extrusion process. 



^ Alternatively, or in combination, a shodc absorWr is pibvided in the support 

member 1345 in order to absorb the shoclc caused 1^ the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catchins structure is provided in 
5 the upper end portion 1 355 of the tubular member 1 3 1 0 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1 200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
10 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overiai^ing joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1 380 within the expanded tubular member 1 3 1 0 is 
15 then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 within 
the interior of the expanded tubular member 1 3 1 0 is then removed in a conventional 
manner using a conventional drill string. The resulting new section of casing 1400 
20 includes ttie expanded tubular member 1310 and an outer armular layer 1405 of 
cured material 305. The bottom portion of the apparatus 1300 comprising the shoe 
1315 may then be removed by drilling out the shoe 1315 using conventional drilling 
methods. 

A method of creating a casing in a borehole located in a subterranean 
25 fonnation has been described ttiat includes installing a tubular Hner and a mandrel 
In ttie borehole. A body of fluidic material Is ttien injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between ttie borehole and the exterior of ttie tubular Uner; 
30 and a non hardenable fluidic material into an interior region of ttie tubular liner 



^ below the mandrel. The method pieferertjly Includes fltiklicl^ isolating the annular 
region firom the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psl) and 0 to 567. 1 1 77 litres/minute 
(0 to 1,500 gallons/min). The injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 1 1356.2355 Btres/minute (40 to 
3,0(K) gallons/min). The injecting of the non hardenable fluidic material is preferably 

1 0 provided at reduced operating pressures and flowiates during an end portion of the 
extruding. The non hardenable, fluidic mfiterial is preferably injected below the 
mandrel. The method preferably includes pressurizing a r^lon of the tubular liner 
below the mandrel. The r^ion of the tubular liner below the mandrel is preferably 
pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 

15 psi). The method preferably includes fluldicly isolating an interior region of the 
tubular liner from an exterior region of the tubular liner. The method further 
preferably includes curing the hardenable sealing material, and removing at least a 
portion of the cured sealing material located within the tubular liner. The method 
further preferably includes overlapping the tubular liner with an existing wellbore 

20 casing. The method further preferably includes sealing the overiap between the 
tubular liner and the existing wellbore casing. The method further preferably 
includes supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. The method further preferably includes testing the int^rity of the 
seal in the oveilap between the taibular liner and the existing weUbore casing. The 

25 method further preferably includes removing at least a portion of the hardenable 
fluidic sealing material within the tubular liner before curing. The method further 
preferably includes lubricating the surface of the mandrel. The method further 
preferably includes absorbii^ shock. The method further preferably includes 
catching the mandrel upon the completion of the extruding. 

30 
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An apparatus for creating a casing in«a oorehole Idcated'in a' subterranean 

formation has been described that includes a support member, a mandrel, a 

tubular member, and a shoe. The support member includes a first fluid passage. 

The mandrel is coupled to the support member and includes a second fluid passage. 

5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 

liner and includes a third fluid passage. The first, second and third fluid passages 

are operably coupled. The support member preferably further includes a pressure 

relief passage, and a flow control valve coupled to the first fluid passage and the 

pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably includes one or more sealing members 

adapted to prevent foreign material from entering an interior region of the tubular 

member. The mandrel is preferably e]q)andable. The tubular member is 

preferably febricated firom materials selected fiom the group consisting of Oilfield 

Country Tubular Goods^ IS chromium steel tubing/^casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 7.62 to 3937 cms (3 to 15.5 
xDclies) and 8.89 to 4(h64 cms (3.5 to 16 inches^ respectively. The tubular member preftrably has a plastic 
yield point rangiDg from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The tubular 

member preferab^ includes one or more sealing members at an end portion. The 
tubtdar member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fltdd passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 

30 second tubiilar member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging from about 



34 473 to 620.52813 bar (500 to 9,000 psQ. Tbs i^essunEHig the portiomof tbc'inteior region of the 

second tubiJar member is preferably provided at reduced operating pressures 
dinring a latter portion of the extrudings The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferablty includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubixlar liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of iiqecting a body of hardenable fluidic sealing material into an anmilflr 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi), Tht tubular liner preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the ^^igtiT^g 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and am 

within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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. «>xpandi2ig the liner in the borehole by extttf^^ In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag Tniy^ cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
6 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 
rates rangmg from about 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 113562,355 
litres/minute (40 to 3,000 gallons/nun). In a preferred embodiment, the injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred enibodiment, the fliiidic material is injected below the mandrel. In 
a preferred embodiment^ a region of the tubiilar liner below the mandrel is . 
pressurized. In a preferred embodiment, the region of the tubular Uner below the 

mandrel is piessuiized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the method fturther includes overlapping the tubular liner . 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
^ casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surfiace of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method iiirther includes expanding the mandrel in a radial direction. 

A tie*back liner for lining an existing wellbore casing has been described 
that includes a tubular hner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubule 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the interior portion of the tubdlar finer is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.5281 3 t>ar (500 to 9,000 psi). In a prefenred embodiment, the annular body of a 
5 cured fluidic sealing material is fonmed by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubulcir liner. In a preferred embodiment, the tubular liner 
overiaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overiap between the tubular liner 

10 and the other existing wellbore casir^. In a prefenred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support meml>er, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel Is coupled to the 

1 5 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portioa The interior 
portion of the mandrel is drillable. The tubular member Is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior portion 
of the shoe includes a tubular member, and a load bearing member. Preferably, the 
load bearing member comprises a drillable t>ody. Preferably, the exterior portion 
of the mandrel comprises an expansion cone. Preferably, the expansion cone is 
fabricated from materials selected from the group consisting of tool steel, titanium, 
and ceramic. Preferably, the expansion cone has a surface hardness ranging from 
about 58 to 62 Rockwell C. Preferably at least a portion of the apparatus is drillable. 
Although illustrative embodiments of the invention have been shovm and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 
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Accordingly, it is appropriate that the al)i5en<led claims be construed broadly and. 
in a manner consisteni with the scope of the invention. 



CLAIMS 



1- A wellbore casing^ comprising: 

a tubular liner, the tubular liner formed by the 
5 process of: 

placing the tubular liner and a mandrel within the 
wellbore; 

pressurising an interior portion of the tubular 
liner by injecting a fluidic material into the interior 
10 portion of the tubular liner through the interior of 
the mandrel; and 

extruding the tubular liner off of the mandrel; 

and 

an annular body of a cured fluidic sealing 
15 material coupled to the tubular liner; 

wherein during the pressurising the interior 
portion of the tubular liner is fluidicly isolated from 
an exterior portion of the tubular liner. 

20 2. The wellbore casing of claim 1, wherein the 

interior portion of the tubular liner is pressurised at 
pressures ranging from 34.473 to 620.52813 bar (500 to 
9,000 psi) . 

25 3. The wellbore casing of claim 1, wherein the 

annular body of a cured fluidic sealing material is 
formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into an annual region external of the tubular 

30 liner. 

4. The wellbore casing of claim 1, wherein the 
tubular liner overlaps with an existing wellbore 
casing. 



TO 



5. The wellbore casing of claim 5» further comprising a seal positioned in 
the overlap between the tubular liner and the existing wellbore casing. 

6. The weUt>ore casing of claim 4, wherein the tubular liner is supported by 
the overlap with the existing wellbore casing. 

7. A welIl>ore casing for placement vsathin a wellbore, comprising: 

a tubular liner that overlaps with an existing casing within the well, the 
tubular liner formed by the process of: 

extruding the tubular liner off of a mandrel within the wellbore by 
injecting a fluidic material into the tubular liner through the interior of the 
mandrel and pressurising an interior portion of the tubulcur liner; 

a seal positioned in the overlap between the tubular liner and the 
existing wellbore casing; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

liner; 

wherein during the pressurising the interior portion of the tubular liner is 
fluidicly isolated from an exterior portion of the tubular liner. 

8. A we]lt>ore casing for placement wi«hin a wellbore, comprising: 
a tubular liner, the tubular liner formed by the process of: 

placing the tubular liner and an expansion device within the wellbore; 

pressurising an interior portion of the tubular liner by injecting a fluidic 
material into the interior portion of the tubular liner through the interior of the 
expansion device; and 

radiaUy expanding the tubular liner usi;ig the expansion device; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

liner; 

wherein during the pressurising, the interior portion of the tubular liner is 
fluidicly isolated from an exterior portion of the tubular liner. 

9. A wellbore casing for placement within a wellbore, comprising: 



a tubulso^ liner that overlaps with an existing casing within the wellbore, 
the tubular liner formed by the process of: 

radially expanding the tubular liner within the welllxjre using an 
expansion device by injecting a fluidic material into the tubular liner through 
the interior of the expansion device and pressurising an interior portion of the 
tubular liner, 

a seal positioned in the overiap between the tubular liner and the 
existing wellbore casing; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

liner; 

wherein during the pressurising the interior portion of the tubular liner is 
fluidicly isolated from an exterior portion of the tubular liner. 

1 0. A wellbore casing for a wellbore, comprising: 

a tubular liner, the tubular liner formed by the process of: 
expanding an expandable tubular using an expansion device within the 
wellbore by injecting a fluidic material into the expandable tubular through the 
interior of the expansion device and pressurising an interior portion of the 
expandable tubulan and 

an annular body of a cured fhiidic sealing material coupled to the tubul .r 

liner; 

wherein the expandable tubular comprises: 

a first tubular portion having a first inside diameter; 

a second tubular portion having a second inside dietmeter, 

the first inside diameter being greater than the second inside diameter; 

an intermediate tapered tubular portion for coupling the first and second 
tubular portions to each other, and 

wherein during the pressurising the interior portion of the expandable 
tubular is fliudicly isolated from an exterior portion of the expandable tubular. 

11. The wellbore casing of claim 9, wherein the first tubular portion has a 



first wall thickness; wherein the second tubular portion has a second wall 
thickness; and wherein the first wall thickness is less than the second waB 
thickness. 

1 2. The weUbore casing of claim 9. wherein the second tubular portion 
includes one or more radial passages. 
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